A review of graphene materials-based sensors by Mukti Wibowo, Kusnanto et al.
 
 
101 
 
Current Advances in Microdevices and Nanotechnology Series 1 
ISBN 978-967-2306-25-2 
2019 
 
  
 
CHAPTER 6 
 
A REVIEW OF GRAPHENE MATERIALS-BASED SENSORS 
 
Kusnanto Mukti Wibowo1,2, Azman Talib1, Norhidayah Che Ani1, Norazlina 
Ahmad1, Atqiya Muslihati1, Nurliyana Mohd Rosni1 
 
1Microelectronics and Nanotechnology-Shamsuddin Research Center 
(MiNT-SRC), Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, 
Johor, Malaysia.  
 
2Department of Electrical, Faculty of Industrial Technology, Sultan Agung 
Islamic University, 50112 Semarang, Indonesia 
 
 
ABSTRACT  
 
Graphene is a 2D material with superior properties, since it has the 
advantage of being both conducting and transparent. Due to graphene 
superior properties, many applications on microelectronics and 
nanotechnology have been developed to exploit graphene. The objective of 
this chapter is to review the progress of graphene, the graphene synthesis 
process and its derivatives in nanomaterial. The structural, optical, electrical 
and thermal properties of the graphene are also discussed in conjunction 
with their potential applications, particularly sensors. Graphene-sensor has 
been developed into many applications and purpose such as gas sensors, 
biosensor and electrochemical sensors. In addition, this chapter reveals how 
important graphene is and the potential applications of graphene in the 
future with its outstanding properties. This chapter aims to offer a basic 
background of graphene. 
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6.1 INTRODUCTION 
 
Graphene consists a monolayer of graphite, which is naturally occurring 
mineral in metamorphic rocks in different continents of the world. 
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Although graphite is composed of giant molecules, its atoms are arranged 
in layers that can slide past one another. Weak Van der Waals forces hold 
the layers together, and this weak forces leaving black graphite marks on the 
surface of the scratched paper.   
 
Graphene, consist of sp2–hybridized carbon atoms bonded in hexagonal 
honeycomb structure. Basic structure of carbon-based materials such as 
carbon nanotube (rolled graphene), fullerene (wrapped) graphene, and 
graphite (stacked graphene) is derived from graphite (Figure 1). Different 
graphene derivative offers a wide range of possibilities for various 
applications. Graphene oxide (GO) and reduced graphene oxide (rGO) are 
derived from graphene as shown in Figure 2. 
 
 
 
Figure 1: Fullerene (0D), nanotube (1D), graphene (2D) and graphite 
(3D) (from left to right) [1] 
 
The important features of graphene are its metallic nature (small band gap) 
and consist of carbon and hydrogen atoms only. Furthermore, the 
outstanding properties of graphene conductivity and transparency are 
causing graphene as a promising material for many applications. Graphene 
has an excellent thermal conductivity of 5000 W/m K [2], excellent electric 
conductivity of ~15,000 cm2/V s (room temperature) [3], good 
transparency of ~97.7% [4], high specific surface area (SSA) of 2600 m2g−1 
[5], excellent mechanical strength (Young modulus of ~1.10 TPa) [6], and 
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good biocompatibility [7]. Due to these unique properties, graphene has 
attracted numerous attentions of researchers to develop graphene further 
on sensors [8-10], composite materials [11-12], biomedical [13], and energy 
storage [14]. This trend reveals the importance of graphene. Graphene 
based nanostructure is also believed to have superb potential to be 
developed into many types of sensors. This is because the atom in the 
graphene structure interacts directly into the sensing environment [15].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The derivative of graphene 
 
6.2   GRAPHENE PROPERTIES 
 
6.2.1 Thermal Properties 
 
Nowadays, the size of electronic devices continues to decrease, and the 
density of dissipation power is increases. Therefore, material growth with 
an efficient thermal conductivity is important. Graphene has excellent 
thermal conduction property, enabling it a promising material for electronic 
devices [2]. 
 
Carbon allotropes such as diamond, graphite, and carbon nanotubes (CNT) 
have shown higher thermal conductivity due to strong C to C covalent 
Graphite Oxide 
Graphene 
Graphene Oxide 
Reduced Graphene 
Oxide (rGO) 
Graphite 
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bonds and its phonon scattering. The electronic contribution to thermal 
conductivity can be neglected because the carrier density of non-doped 
graphene is relatively low. Phonon scattering or phonon transport that 
dominating in thermal conductivity, namely, diffusive conduction at high 
temperature and ballistic conduction at sufficiently low temperature [16]. 
 
Balandin (2008) reported that thermal conductivity of up to 5.3x103 W/mK 
in a suspended single layer graphene in the room temperature. The 
investigation is performed with the help of a confocal micro-Raman 
spectroscopy. In 2008, Ghosh et al. has reported thermal conductivity of 
single layer graphene in Si/SiO2 wafer in the range of ~ 3080-5150 W/mK. 
The measurements were performed via micro-Raman spectroscopy using 
non-contact technique [17]. 
 
6.2.2 Electrical Properties 
 
Single layer of graphene has a high electronic conductivity due to its low 
defect density and high-quality crystal lattice. The defect act as scattering 
sites and prevent  the charge transport by limiting the electron-free path 
[16]. Pure graphene has a defect free, therefore, to make it conductive the 
graphene must be affected by extrinsic sources such as, interaction with the 
under lying substrate, surface charge trap [18-19], interfacial phonon [20], 
and substrate ripples [21]. 
 
One of the factors that attract the attention of many researchers on 
graphene is the unusual nature of charge carriers. Graphene behaved as 
massless relativistic particles. Bolotin (2008) was reported an ultrahigh 
mobility which has achieved mobility excessed of 200,000 cm2V-1s-1 at 
electron densities of 2×10-11 cm-2 by suspending single layer graphene [22]. 
 
The single layer of graphene also has unique features namely, ambipolar 
electric field effect at room temperature, where by applying a required gate 
voltage, the charge carriers can be tuned between electrons and holes [3]. In 
the negative gate bias, the Fermi level drop below the Dirac point and 
promotes the holes in the valence band. While in the positive gate bias, the 
Fermi level rises above the Dirac point and promotes the electrons 
populating into the conduction band. Due to its zero-energy band gaps, 
graphene becomes a potential material for future electronic devices. But 
there are some reports the energy band gap of a single layer graphene was 
around 0.26 eV [23-24]. 
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6.2.3  Optical Properties  
 
Graphene was found to absorb a significant fraction (πα = 2.3%) of incident 
white light, although only one thick atom. Nair (2008) showed an analysis 
which reported that transmittance (T) of graphene restricted to λ<800 nm 
to maximize its absorbance (A) accuracy. They found when T~97.7% with 
an accuracy of ± 0.1% used, absorption of light was found to increase with 
the increasing number of layers. Each layer absorbs A = 1-T = πα = 2.3%, 
where α is the fine structure constant (α~1/37) [4].  
 
Photoresponse of graphene was also known to reach THz frequencies and 
the infrared transmission can be modulated by gate voltage [25]. The 
refractive index of a single layer graphene in the visible range was obtained 
as n = 2.0 – 1.1i [26]. Photo luminescence (PL) is another optical property 
of graphene. The luminescent of graphene can be generated by inducing a 
suitable bandgap. There are two main routes to create photo luminescence 
graphene, one is by cutting them into ribbons and quantum dots and the 
other is by physical or chemical treatments [27]. The single layer of graphene 
can be made brightly luminescent by mild oxygen plasma treatment.  which 
will result in uniformly photoluminescence across a large area [28]. The blue 
photo luminescence was observed for graphene oxide (GO) thin films 
deposited from thoroughly exfoliated suspension [29]. 
 
6.2.4 Mechanical Properties 
 
The mechanical properties like strain, stress and Young’s modulus of the 
material play an important role on its applications. Undesired strain can 
affect the performance and life of the electronics devices. Generally, 
application of external stress on crystalline material can alter interatomic 
distances, resulting in the redistribution and, in local electronic charge [30]. 
Graphene has been known to have high elastic modulus and strength, other 
than carbon nanotubes. Table 1 shows the mechanical properties of 
graphene that was determined by researchers. 
 
The Young’s modulus and fracture strength of monolayered graphene are 
mostly investigated by numerical simulations such as via the molecular 
dynamics. While the Young’s modulus of few-layer graphene was 
experimentally investigated by Atomic Force Microscope (AFM) with 
force-displacement measurements on the graphene sheets suspended over 
trenches [33-35]. Mechanical properties of graphene layer, compressive and 
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tensile strain, can be estimated using Raman spectroscopy by monitoring 
changes in G and 2D peaks with applied stress. Mohiuddin (2009) observed 
the splitting of G peak and red shift having an increase in the strain, whereas 
the 2D peak also have red shift without splitting for small strain (~0.8%) 
[36]. 
 
Table 1: Mechanical properties of grapheme 
 
Material Mechanical properties References 
Single layer 
graphene 
E = 1 ± 0.1 TPa 
σint= 130 ± 10 GPa 
[6] 
 
Graphene 
 
Strain ~ 1.3% in tension 
Strain 0.7% in compression 
 
 
[31] 
Single layer 
graphene 
Bilayer graphene 
Trilayergraphene 
E = 1.02 TPa; σ = 130 GPa 
E = 1.04 TPa; σ = 126 GPa 
E = 0.98 TPa; σ = 101 GPa 
[32] 
 
 
6.2.5 Raman Spectroscopy 
 
Raman spectroscopy has become a powerful, noninvasive method to 
characterize graphene and related materials. Raman spectroscopy is a 
standard nondestructive tool for the characterization of crystalline, 
nanocrystalline, and amorphous of the carbons. Raman spectroscopy is 
usually applied to study the ordered or disordered crystal structures of 
carbonaceous materials such as graphene. Moreover, many information 
such as disorder, edge and grain boundaries, thickness, doping, strain, 
thermal conductivity and the numbers of layer in a flake of graphene can be 
learned from the Raman spectra and its behavior under varying physical 
conditions [37]. 
 
The Raman spectra of disordered graphite show two quite sharp modes, the 
G peak (~1580 cm-1) and the D peak (~1350 cm-1) [38]. The G peak is due 
to the bond stretching of all pairs of sp2 atoms in both rings and chains. 
The D peak is due to the breathing modes of sp2 atoms in rings [39]. Single 
layer graphene has an own characteristic signature. Single layer graphene has 
a 2D peak that is sharper compared to bilayer graphene, but the G peak is 
increasing in amplitude with increasing number of layers. Figure 3 shows an 
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example of the Raman spectra of monolayer, bilayer and multilayer 
graphene. 
 
Figure 3: Example of Raman spectra for monolayer, bilayer,  
and multilayer graphene on SiO2 [40] 
 
Malard (2009) studied Raman scattering of many types of graphene. They 
revealed that the Raman features of Si-based epitaxial graphene are strongly 
dependent on the precursor material and the strain of the graphene due to 
its interaction with the substrate. Improving the quality of graphene 
samples, Raman spectroscopy will likely play a role in illuminating the 
properties of graphene close to the Dirac point, using freely suspended 
samples [41]. 
 
6.3 GRAPHENE SYNTHESIS METHODS 
 
Today, there are several methods to synthesize graphene. Basically, there 
are two different approaches to synthesize the graphene. First, the graphene 
can be directly detached from an already graphite crystal (exfoliation 
method) and the second method is graphene can be grown directly on a 
substrate surface. 
6.3.1 Mechanical Exfoliation  
 
Mechanical exfoliation or usually called Scotch Tape Method is one of the 
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simple methods to get a graphene layer. The idea of this method is where 
single or few layer sheets of graphene is removed from a bulk graphite 
sample through attachment to adhesive tape. In 2004, Novoselov and 
Geim, from University of Manchester, were the first researchers reported 
the preparation of graphene by exfoliation using simple adhesive tape [3]. 
Graphene is detached from graphite using tape to peel thin flakes from 
graphite samples and then the graphene adhered to the tape was transferred 
to SiO2 substrate as shown in Figure 4. This method is considered to 
produce pristine therefore has superb electrical conductivity. This type of 
graphene produced is usually used in research applications that need a high 
purity and low quantity. The sample size obtained in this way is only ten 
microns, but now using this technique, millimeter sized flakes can be 
produced. 
 
 
 
 
Figure 4: Schematic diagram for the mechanical exfoliation of graphene 
from graphite using scotch tape: (a) Attach a piece of graphite to sticky-
tape. (b) The tape is peeled off when some layers stick to the surface. (c) 
Place the thin graphite on substrate (SiO2). (d) Remove most layers of 
graphite leaving behind graphene [42] 
 
6.3.2 Unzipping Carbon Nanotubes 
 
The principal of unzipping carbon nanotubes is to split carbon nanotubes 
(CNTs) to become a layer that is called graphene nanoribbons (GNRs). The 
first way is by using oxygen plasma etching on graphene sheets and using 
hydrogen silsesquioxane (HSQ) to protect the underlying graphene layer. 
The other way is using oxidative unzipping using potassium 
permanganate/sulfuric acid (KMnO4/H2SO4) mixture [43]. 
Higginbotham (2009) used H3PO4 to replace H2SO4 to get more 
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controlled oxidation. Potassium sequentially longitudinal splits the CNT 
walls to yield a nanoribbon yield [44]. Li-Ju (2015) used oxidation-reduction 
method to make GNRs by unzipping Multi-Walled Carbon Nanotubes 
(MWCNTs) longitudinally [45]. 
 
6.3.3 Graphene Epitaxial Growth on SiC 
 
Epitaxial growth of graphene prepared by thermal decomposition by 
adjusting the heating and cooling down of silicon carbide (SiC) crystal  [46] 
parameters, such as temperature, pressure, or heating rate. Sample grown 
on vacuum in ambient with pressure in the range of 50-1000 mbar [47]. 
Graphene film grown epitaxially normally yielded in a few layers. Graphene 
layers are formed by carbon segregation after evaporation of silicon atoms 
from the crystals surface. The process begins with annealed SiC substrate at 
high temperature that make Si atoms selectively desorb from the surface 
and C atoms left behind naturally forming few layer graphene (FLG) as 
shown in Figure 5. 
 
 
 
 
 
 
    Heat 
 
 
Figure 5: Schematic illustration of epitaxial growth of Graphene on SiC 
by decomposition method [48] 
 
6.3.4 Chemical Vapor Deposition 
 
The other methods that allow to grow graphene directly on the surface is 
Chemical Vapor Deposition (CVD). The proposed of CVD is to create a 
solid material in where the gas molecules flowed into chamber containing a 
heated substrate. The schematic diagram of the chemical vapor deposition 
(CVD) process of graphene film is as shown in Figure 6. 
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Figure 6: Schematic diagram of the chemical vapor deposition (CVD) 
process of graphene film [49] 
 
 
 
 
 
Figure 7: CVD graphene growth mechanism on substrate nickel (Ni) [50] 
 
Graphene film can be grown on transition metal substrates such as nickel 
(Ni) [51], copper (Cu) [52], Palladium (Pd) [53], platinum (Pt) [54], and 
iridium (Ir) [55] using CVD. The mechanism of growth of graphene on Ni 
substrate by CVD is as shown in Figure 7. The growth of graphene layer on 
substrate begins with nucleation formation, after that the growth and 
segregation process of graphene layer. Furthermore, the atoms of graphene 
began to take form. The whole process can be seen in Figure 8. 
 
Compared to other methods, CVD has proved promising in the 
development of high-quality graphene films due to its high quality, good 
hardness, and resistance to damage or agitation. At low pressure, the CVD 
growth of graphene on copper foil is a self-limiting process, automatically 
graphen
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stops after a single graphene layer form. A large-sized graphene films can 
be produced using the CVD growth method. 
 
 
 
Figure 8:  Illustration of growth process of CVD graphene on Nickel 
substrate [56] 
 
6.3.5 Liquid Phase Exfoliation 
 
Liquid phase exfoliation method starts from intercalation of graphite using 
strong oxidizing agents followed by expansion of graphite layers by 
sonication process. Then the reduction of obtained graphene oxide to 
graphene is usually conducted by either thermal or chemical approaches. 
This method is capable of high yield (>50%) production of graphene, but 
the use of a large quantity of acid and oxidizing agents produces hazardous 
waste water [57].  Not only can produce large area mass production, but 
liquid phase exfoliation also possible to get defect free. The method to 
synthesis graphene by this method initiate with sonication graphite, then 
centrifugation to separation graphene by the layer. Figure 9 shows the 
illustration of liquid phase exfoliation of graphene. 
 
 
 
Figure 9: Schematic illustration of liquid phase exfoliation of graphene [58] 
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6.4 GRAPHENE BASED SENSOR 
 
Graphene as a sensing material is used due to its high specific face area, 
excellent transparency, excellent mechanical strength, tunable bandgap and 
unique electrical properties for its high mobility and low electrical noise [8]. 
The properties of graphene can also be adjusted by regulating the synthesis 
properties, dimensions, number of layers and doping elements. Nowadays, 
research about graphene sensor has been developed into many applications 
and purpose, such as gas sensors [59-61], biosensor [62-63], and 
electrochemical sensors [64]. 
 
6.4.1     Gas Sensor Based on Graphene 
 
Gas sensor based on graphene is widely developed and have been 
investigated by many researchers. Table 2 shows the applications for 
graphene base gas sensor. Due to the high specific surface of graphene, the 
interaction with gases is controllable by changing the physical properties of 
graphene. An atom of graphene can be recognized as a surface atom which 
can interact even with a single molecule of the target gas or vapor species. 
This interaction results in the ultrasensitive sensor response.  Gas sensors 
based on graphene could make use of the change in electrical conductivity 
of graphene when gas molecules adsorb on the graphene surface and act as 
donors or acceptors of electrons. Since no band gap in graphene or zero 
bandgap, a small mismatch chemical dopant is fair enough to provide an 
active donor or acceptor level. Therefore, in general graphene-based gas 
sensors are more sensitive than other sensor which is built from common 
semiconductors. Moreover, due to zero bandgap energy, electron mobility 
of graphene is high where 100 times faster than in silicon [65]. 
 
When graphene is exposed to various gasses, the response of device 
conductivity varies. Generally, NH3 and CO dope the graphene with 
electrons while others, such as NO2 and H2O dope it with holes, as shown 
in Figure 10.  
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Figure 10: Changes in resistivity, ρ, at zero caused by graphene’s exposure 
to various gases diluted in concentration to 1 ppm. The positive and 
negative sign of changes is chosen here to indicate electrons and holes 
doping [20] 
 
 
Table 2: Summary of graphene-based gas sensors 
 
Gas Working 
temperatu
re 
Response time and 
sensitivity 
Advantages Ref. 
NOx RT The sensitivity 9% 
when an ambient 
of 100 ppm NO2 
• Good 
reproducibility 
when the 
ambient was 
alternated 
[66] 
Acetone  80oC - 
350oC 
Response time 
0.73-10.59 s 
• Good selectivity 
• Good 
reproducibility 
to 10 ppm (at 
275oC) 
[11] 
Δ
ρ
 
time (s) 
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CO RT Response time ~5 
min 
• Large sensor 
response 
(243%) 
• Quick recovery 
time (~ 2-5 min) 
[21]  
CO2 RT Response time 
<10s 
• High sensitivity 
• Fast response 
time 
• Low power 
consumption 
[60] 
Ethanol 
(C2H5OH) 
vapor 
400oC Sensitivity 80 upon 
exposure to 100 
ppm of ethanol 
vapor 
• High response [67] 
H2 RT Response time 3 
min were observed 
for 10,000 ppm H2 
• Large 
detectable-range 
of 1 to 40,000 
ppm 
• High-response 
magnitude 
• Fast-response/ 
recovery time 
[68] 
H2S RT Sensitivity up to 
20% 
• High sensitivity [69] 
Acetylene 
(C2H2) 
150oC Response time 25 s • Fast-response/ 
recovery time 
• Good 
repeatability 
[70] 
NO2 RT Sensitivity 0.8 
ppm/min 
• Cost effective 
• Can also be used 
for detection of 
other toxic gas 
 
[71] 
NH3 RT The response is 
25% 
• High sensitivity 
even at a low 
concentration of 
NH3 (5 ppm) 
• long-term 
stability (of at 
least 58 days) at 
room-
temperature 
[72] 
 
 
Dimethyl 
methylpho
sphonate 
(DMMP) 
RT Response time 18 
min 
• Show excellent 
responsive 
repeatability 
[73] 
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Due to the outstanding properties of graphene both high electron mobility 
and lossless, graphene is now used for high performance gas sensors. Simple 
schematic of graphene-based gas sensor is illustrated in Figure 11. The 
graphene is integrated in the sensor circuit and exposed to an analyte gas. 
The detection signals are obtained through changes in the I–V 
characteristics of graphene. The amplifiers is used to amplify the signals and 
then convert it to digital format for digital signal processing [65]. 
 
 
 
Figure 11: Schematic design of graphene-based gas sensor [65] 
 
 
6.4.2 Biosensor Based Graphene 
 
Biosensor is a device that uses specific bio-chemical reactions mediated by 
isolated enzymes, immune systems, tissues, organelles or whole cells to 
detect chemical compounds usually by electrical, thermal, or optical signal 
(IUPAC). Biosensor consists of two components which is transducer and 
bioreceptor. The bioreceptor is a biomolecule that recognizes the target 
analyte and then the transducer converts the recognition event into a 
measurable signal like intensity, resistivity and conductivity [74]. 
 
The discovery of graphene plays an important role on biosensor, since 
graphene is a family of carbon that exhibit good biocompatibility. In 2010, 
Kalbacova [7] investigated the biocompatibility of large single layer 
graphene using human osteoblasts and mesenchymal stromal cells. Their 
results showed that both cell types which tested adhered and proliferated 
were better when cultured on graphene films than on a SiO2 substrate. 
Furthermore, the research showed that graphene stimulated both of the 
cells growth. 
 
Biocompatibility of graphene materials with microorganism and living cells 
is very important. The interactions between microorganism with graphene 
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oxide has been studied, graphene sheet that was exposed to microorganisms 
(E. coli bacteria) will result in decreasing by 60% of the oxygen-containing 
functional groups of the GO, indicating a relative chemical reduction of the 
sheets by interaction. The reduction was believed due to the metabolic 
activity of the surviving bacteria through their glycolysis process with the 
bacteria [75]. 
 
The effect of graphene-based materials on bacteria viability has been 
investigated by some researchers. Liu (2011) studied E. coli viability on 
several host materials like graphite (Gt), graphite oxide (GtO), graphene 
oxide (GO) and reduced graphene oxide (rGO). The experiment was done 
with 80µg/mL dispersion concentration of E. coli cells and in 2 hours 
incubation. The results showed that the cell viability of the bacteria is ~85%, 
~74%, ~54% and 31% on GtO, Gt, rGO, and GO material respectively 
[76]. Hu and co-workers in 2010 reported the effect of GO based materials 
to E. coli DH5α on bacteria viability. The cell viability decreased with 
increasing the dispersion concentration of E. coli for 20 µg/mL and 85 
µg/mL respectively at 70% and 13%, with 2 hours incubation time [77]. 
 
Basu (2014) has successfully fabricated graphene based E. coli sensor on 
low cost flexible acetate. Graphene film was successfully grown on Cu 
substrate using CVD method. After that, gold metal was deposited onto 
graphene layer by shadow mask as electrode. An O-ring chamber was fixed 
by glue as a bacteria chamber on top of it. The impedance of the sensor 
studied with different concentrations of E. coli. Increasing the 
concentrations of E. coli resulted in decreasing the impedance of the sensor 
[78]. Gao (2014), in their research exhibits graphene oxide-DNA based 
sensors are rapid and easy to operate and can detect DNA, proteins and 
other molecules with high selectivity, high sensitivity and low cost. The 
performance of DNA sensors is influenced by GO properties such as 
number of layers, sizes, morphology, functional groups and thickness [9]. 
 
Jung (2010) developed a novel GO-based immuno-biosensor that could 
quickly detect pathogen (viruses). GO sheets were synthesized by a 
modified Hummers method. Pathogen detection performed with added 
Rotavirus solution (1µl) to antibody-immobilized GO array and bound by 
specific antigen-antibody interaction. After incubation for 1 hour, an 
engineered Ab-DNA-AuNP conjugate was added and incubated again for 
3 hours to allow the conjugate to be a linker to link the captured target cell 
and attached the AuNPs close to the GO surface. After gentle washing with 
distilled water, the fluorescence signal of the GO array was measured. The 
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sensor shows good sensitivity and selectivity of the antibody [79].  
 
Mohanty and Berry (2008) reported fabrication and functionalization of a 
novel chemically modified graphene (CMG) for single-bacterium biodevice 
and label-free DNA sensor. The CMGs and their biohybrids were 
synthesized using GO or plasma-modified GA (PGA) immobilized on silica 
substrate. GO sheets were synthesized from graphite flakes by modified 
Hummers method. The bacteria bio device and DNA detector show highly 
sensitive. They also illustrated the ability to control the sensitivity, polarity 
specificity, and the extent of grating of the chemically modified graphene 
(CMGs) [80].  
 
Figure 12 illustrates simple schematic design of graphene-based biosensors. 
Generally, the antigen or antibody attached to the graphene surface as 
receptor molecules or linker. However, there are graphene-based biosensor 
without linker to detect biomolecules such as bacteria [78]. 
 
 
Figure 12: Schematic design of graphene-based biosensor [78] 
 
6.4.3    Electrochemical Sensors 
 
Chemical sensor is a device that transforms chemical information ranging 
from the concentration of a specific sample component to total 
composition analysis into an analytically useful signal. The chemical 
information of chemical sensor is generally obtained from a chemical 
reaction of the analyte or from its physical property [79]. Electrode is 
playing an important role of the construction of chemical sensor, such as a 
working electrode, a counter electrode, and a reference electrode. On the 
other hand, enzymes, antibodies, and other biorecognition elements are not 
used for the construction of chemical sensors [80-81]. Graphene exhibits 
superior properties for electrochemical detection due to its large 
electrochemical potential window [82], high electron transfer rate [3], and 
high surface to volume ratio [5]. In addition, rGO has intrinsic catalytic 
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activity towards some small enzymatic products such as H2O2 and NADH, 
making it promising for enzyme-based sensor [75] [83]. 
 
Shang (2008) were the first researchers who use graphene-based 
nanomaterials for electrochemical sensing. They grew the multilayer 
graphene nanoflake films (MGNFs) on Si substrate using a catalyst-free 
method. The results showed that MGNFs was proceeded fast electron-
transfer kinetics for ferro/ferricyanide couple and very promising for 
determination of dopamine, ascorbic acid, and uric acid [84] [85]. 
 
Li (2009) reported an electrochemical sensor for detection of cadmium [86] 
and cadmium lead [87] using graphene-modified electrode. The graphene 
was prepared by ultrasonication of GO and utilized hydrazine for reduction. 
The results showed a high sensitivity toward detection of heavy metals and 
have a good recovery when applied in real sample. Kang (2010) presented 
an electrochemical sensor for sensitive detection of paracetamol based on 
the electrocatalytic activity of functionalized graphene. The electrochemical 
behaviors of paracetamol on graphene modified glassy carbon electrodes 
(GCEs) were investigated by cyclic voltammetry and square-wave 
voltammetry [88].  
 
The results showed that the sensor shows an excellent performance and 
great promise for simple and sensitive detection of paracetamol. Xinying 
and Chen (2015) successfully developed an electrochemical sensor for 
detection of diethylstilbestrol (DES) from graphene doped gold 
nanoparticles. The nano-Au and graphene have a synergistic effect in the 
electrocatalytic oxidation of DES. The sensor has been successfully applied 
to food sample [89]. 
  
Liu (2015) developed graphene sensor to detect dopamine and uric acid 
based on electrodeposited Au-Pt bimetallic nano-clusters decorated on 
graphene oxide (GO)-electrochemically reduced graphene oxide (ERGO). 
The Au-Pt/GO-ERGO nanocomposites could pro-vide much wider 
separation of the oxidation peak potentials of dopamine acid (DA) and uric 
acid (UA) from GO–ERGO, while Au–Pt bimetallicnano-clusters could 
speed up the electron for increase the sensitivity [90].  
 
The sensor was applied for the detection of DA and UA in human serum 
with good results. Adhikariet (2015) developed highly sensitive 
electrochemical sensor for acetaminophen based on electrochemically 
reduced graphene (ERG)/Glassy carbon electrode (GCE). The ERG 
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modified GCE was used as working electrodes in a three-electrode 
electrochemical cell. Their research showed that the ERG/GCE possessed 
robust activity in the chemical oxidation of acetaminophen [91].  
 
Another family of graphene, like graphene nanoribbon (GNR) is a potential 
for developing graphene-based sensor. Lavanya and Gomathi (2015) were 
detected uric acid, citric acid, and dopamine using a GNR based sensor [92]. 
Schematically, the design of graphene-based electrochemical sensor and 
biosensor has no significant differences, as shown in Figure 13. The sensor 
consists of electrode, receptors molecules, target molecules (acid, glucose, 
caffeine, and other chemical compounds), and then the transducer converts 
physical quantity to signal like such as current, impedance and optical 
signals. 
 
Figure 13: Schematic design of graphene-based electrochemical sensor 
 
 
6.4.4 Other Types of Graphene Sensors 
 
Graphene was also potential to exploit on mechanical sensors like mass 
sensor and strain sensor by its vibrational characteristics. To investigate the 
vibrational characteristics of defect free single-layer graphene sheets 
(SLGS), molecular structural mechanics is performed. Pour (2008) studied 
the effect of strain on the fundamental frequencies of the defect-free zigzag 
and armchair models with clamped boundary condition. The results show 
the sensitivity of the strain sensors is not significantly influenced by chirality, 
it can be slightly increased by decreasing the aspect ratio of the sheets [93]. 
 
Mass sensors can be fabricated from graphene membranes and cantilevers 
by observing the changing of resonant frequency of the vibrating graphene 
molecules which are adsorbed or desorbed from its surface. Ahmadian 
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(2008) have investigated the effects of point mass and atomistic dust on the 
fundamental frequencies that is related to the possibility of using SLGS as 
sensors. The results showed that the principal frequencies are highly 
sensitive changes of mass of the order of 10-6fg [94]. Wong (2010) was 
characterized the frequency response of the few layers of graphene on 
circular drum structures. The structures were found to have linear spring 
constants ranging 3.24 N/m to 3.74 N/m and could be actuated to about 
18-34% of their thickness before exhibiting nonlinear deflection. The drum 
structures could potentially vibrate at frequencies in excess of 25 MHz. 
These results make SLGS as a very promising for resonant mass sensing 
material [95]. 
 
6.5 SUMMARY 
 
Graphene is a ground-breaking material that has outstanding properties. 
Graphene has many applications in many fields particularly sensing 
application. Due to its biocompatibility, graphene is very useful for 
developing many applications in biomedical sensor indeed. Due to the high 
graphene specific surface, it is very promising to use as a gas sensor. 
Moreover, the other properties of graphene like a large electrochemical 
potential window, high electron transfer rate, and high surface to volume 
ratio, make graphene promising material for electrochemical detection. On 
top of that, a lot of novel uses for graphene application that are still not 
invented by researchers worldwide. 
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